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Abstract The aims of this study were to explore the

environmental factors that determine the distribution

of plant communities in temporary rock pools and

provide a quantitative analysis of vegetation–envi-

ronment relationships for five study sites on the island

of Gavdos, southwest of Crete, Greece. Data from 99

rock pools were collected and analysed using Two-

Way Indicator Species Analysis (TWINSPAN),

Detrended Correspondence Analysis (DCA) and

Canonical Correspondence Analysis (CCA) to iden-

tify the principal communities and environmental

gradients that are linked to community distribution. A

total of 46 species belonging to 21 families were

recorded within the study area. The dominant fam-

ilies were Labiatae, Gramineae and Compositae

while therophytes and chamaephytes were the most

frequent life forms. The samples were classified into

six community types using TWINSPAN, which were

also corroborated by CCA analysis. The principal

gradients for vegetation distribution, identified by

CCA, were associated with water storage and water

retention ability, as expressed by pool perimeter and

water depth. Generalised Additive Models (GAMs)

were employed to identify responses of four domi-

nant rock pool species to water depth. The resulting

species response curves showed niche differentiation

in the cases of Callitriche pulchra and Tillaea

vaillantii and revealed competition between Zanni-

chellia pedunculata and Chara vulgaris. The use of

classification in combination with ordination tech-

niques resulted in a good discrimination between

plant communities. Generalised Additive Models are

a powerful tool in investigating species response

curves to environmental gradients. The methodology

adopted can be employed for improving baseline

information on plant community ecology and distri-

bution in Mediterranean ephemeral pools.

Keywords CCA � Crete � Generalised

Additive Models � Ordination � Rock pools �
Species response curves

Introduction

Worldwide, the occurrence of small, temporarily

water-filled rock pools is associated with bare rock

exposure on a variety of substrates and climates

(Williams, 1987; Pinder et al., 2000; Bayly, 2002;

Krieger et al., 2003). Temporary rock pools occur in
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clusters showing an island-like configuration, with

varying morphometry and inundation period ranging

from a few days to weeks (Deil, 2005). Therefore,

they serve as model systems in ecology (Srivastava

et al., 2004; De Meester et al., 2005) to evaluate

metapopulation dynamics (Spencer et al., 2002),

dispersal processes (Vanschoenwinkel et al., 2007)

and species competition (Laurilla, 2000).

The plant communities found in temporary rock

pools are usually quite simple floristically with low

species richness (Bayly, 1997), probably due to the

limited carrying capacity and relatively small size of

the pools (Blaustein & Schwartz, 2001). In arid and

semi-arid environments, the short and unpredictable

aquatic phase coupled with pronounced fluctuations

of biotic and abiotic conditions (Scholnick, 1994)

have led plant species occurring in pools to develop

special adaptations. These include phenological plas-

ticity, a tendency to nanism, autogamy or cleistog-

amy for annuals (Deil, 2005), while perennials have

slow growth and rosette leaves (Keeley, 1999). This

specialization often results in a high level of ende-

mism/rarities in rock pool environments, which are

considered diversity hot spots (Pinder et al., 2000).

Collectively, they support considerably more species,

and specifically more scarce species, than other

freshwater water body types. Due to their unique

edaphic and microclimatic conditions, they possess

vegetation that is distinct from their surroundings.

In the Mediterranean, where ponds are common,

due to climatic conditions, islands such as Corsica

and Sardinia are still important havens for this

habitat, whereas Sicily and Malta have witnessed

significant losses (Grillas et al., 2004). In Greece,

there are 34 Mediterranean Temporary Ponds (MTP)

sites, 68% of which occur in islands (Dimitriou et al.,

2006; Zacharias et al., 2007), with the island of Crete

hosting the highest number of MTPs (20.5%) com-

pared to any other region of the country (Zacharias

et al., 2008). On the island of Gavdos, southwest of

Crete (Fig. 1), the extensive presence of limestone in

combination with semi-arid conditions has resulted in

the occurrence of numerous temporary rock pools

(Bergmeier, 2001).

The formation of these irregularly shaped rock

pools is due to rainwater collection in natural

depressions and hollows on crystalline limestone

karst during the wet season. These hollows were

originally formed by the action of CO2-acidified

rainwater dissolving away the limestone substrate

over many years (Kruckeberg, 2002). Rock pools are

usually very transient and rapidly dry up, especially

with the onset of the dry season. Nevertheless, they

are important to humans and biota alike. In places

like Gavdos, where the availability of freshwater

resources is limited, people have striven to overcome

water scarcity (Rackham & Moody, 1996). There-

fore, rock pools have played an important role as

Fig. 1 Location of Gavdos

and the study sites
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water reservoirs for both people and livestock with

some of the pools modified to retain and increase

their water retention capacity. Moreover, in this dry

environment, they play a unique ecological role by

offering a resting place for migratory birds, a habitat

for many freshwater plant rarities and supporting

valuable catchment functions at the national or

European level (Céréghino, 2008).

In addition, and due to their ephemeral nature,

rock pools are subjected to drastic environmental

changes (e.g. in irradiation, temperature, moisture

and nutrient availability), and therefore, merit con-

siderable research attention (Wessels & Budel, 1989;

Ott et al., 1996, 1997). Hence, there is growing

awareness in Europe of the importance of temporary

ponds, which culminated in their inclusion as priority

habitat in the EU Habitats Directive (Council of

Europe, 1992). Although in the case of Greece, this

has resulted in greater efforts for their protection

(Dimitriou et al., 2006), community studies of fresh-

water rock pool systems are still limited. Bergmeier

& Raus (1999) summarised the state of knowledge

for the vegetation of vernal pools and seasonally wet

riverbanks and lakeshores in Greece with data on

ecology and distribution of the plant communities.

Further contributions on ephemeral wetland vegeta-

tion in Greece come from: Bergmeier & Abra-

hamczyk (2008), De Bolos et al. (1996), Oberdorfer

(1952), Krause et al. (1963) and Sarika-Hatziniko-

laou et al. (2003). With few exceptions (e.g. Berg-

meier, 2001), the factors that affect plant community

structure and species richness have not been exam-

ined thoroughly. There is therefore an urgent need to

increase research efforts in these environments to

contribute to their understanding and protection. The

objectives of this paper are to: (a) classify and

describe the rock pool vegetation on the island of

Gavdos using multivariate analysis techniques; (b)

explore by means of direct gradient analysis the

relationship between vegetation types and environ-

ment; (c) identify the ecological niches of the

dominant rock pool macrophytes.

Materials and methods

Study area

Gavdos (or Gavdhos) lies 28 miles off the island of Crete

and 150 miles off the shores of northern Africa

(34�5203600 N and 24�0502500 E) (Fig. 1). It has an area

of 30 km2, a maximum altitude of 362 m and geolog-

ically consists of upper Cretaceous limestones. Rainfall

is limited to an annual average of c.400 mm that falls on

about 90 days a year, mostly from October to March

(Bergmeier, 2001). The vascular flora comprises c.460

taxa, 30 of which (6%) are of south Mediterranean/north

African origin, which on the island are at their European

northern distributional limit (Bergmeier et al., 1997).

The vegetation in Gavdos is mainly dominated by pine,

juniper and lentisk formations, in a unique cultural

landscape of terraces, where wheat and barley are still

grown (Rackham & Moody, 1996). Following the

implementation of European Habitats directive, Gavdos

has been designated a Natura 2000 site. Rock pools are

widely spread over the island occurring on limestone,

ranging from 50 to 300 m altitude and are located

mostly close to abandoned settlements, with the excep-

tion of Kastri (Fig. 1).

Data collection

Fieldwork took place during April 2007 when a total

of 99 rock pools (Table 1) were examined from five

sites on the island, namely, Agios Panteleimonas,

Agios Ioannis, Kastri, Korfos and Frageliana (Fig. 1).

For every pool, species composition was recorded,

while abundance was estimated using a scale from

Table 1 Summary of study

sites’ properties

a In brackets, the number of

pools used in the analysis

(see text for details)

Site Average

elevation (m)

Total no.

of poolsa
Total

area (m2)

Species no.

Agios Ioannis 90 10 (10) 15.31 28

Agios Panteleimon 180 39 (37) 52.27 11

Kastri 180 40 (29) 21.49 18

Frageliana 340 4 (4) 8.01 18

Korfos 120 6 (5) 10.25 13
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1% to 100%. Plants’ nomenclature follows Turland

et al. (1993) and life-form spectrum classification

follows Raunkiaer (1934). Chorology was based on

Jahn & Schönfelder (1995).

The environmental variables recorded were pool

perimeter, surface, soil depth, water depth and Total

depth. The exact location, pool area and perimeter

were mapped using a differential GPS. Water depth

was measured using a measuring pole, while soil

depth was measured with a soil auger. For the

measurement of the pool depth, the depth of the

organic matter and sediment formed by the dominant

species over the bedrock was also taken into account.

At the time of sampling, pool conditions ranged from

inundated to dry pools. Therefore, a qualitative index

was used to describe this condition for every pool, as

observed in the field. This index (PC) comprises four

classes (Table 2): (1) rock pools full of water (PCa),

(2) dried rock pools (PCb), (3) rock pools with moist

soil (PCc) and (4) patchy rock pools (intermediate

condition between 2 and 3) (PCd). The size of the

pools ranged from 0.06 to 30.98 m2, water depth

ranged from 0 to 44 cm and the total depth from 7 to

70 cm. Water presence and retention varied greatly,

depending on pool morphology and the presence of

soil.

Data analysis

Using PC-ORD version 4 (McCune & Mefford, 1999),

the Two-Way Indicator Species Analysis (TWIN-

SPAN; Hill, 1979) was used to classify vegetation data.

Presence/absence data were analysed and the classifi-

cation was stopped at the third level of division, so that

the resulting groups would contain a sufficient number

of samples to characterise the vegetation communities.

Fourteen rock pools that contained no species were

excluded from TWINSPAN and subsequent gradient

analysis. Gradient analysis was carried out with

CANOCO package 4.5 for Windows (ter Braak &

Smilauer, 1998). Correspondence Analysis was used to

detect any outliers in the species data, whereas

Detrended Correspondence Analysis (DCA; Hill,

1979) was employed to evaluate the type of response

model for selection. Based on the DCA results, a

unimodal response model for the data was accepted

(Jongman et al., 1987). Therefore, Canonical Corre-

spondence Analysis (CCA; ter Braak & Smilauer,

1998) was used to assess the relative importance of

each environmental variable in vegetation variation, by

forward selection of explanatory variables. A random-

ised Monte Carlo permutation test was used (999

permutations) to select the most important variables

that explained variations in the dataset (P B 0.001)

and to test the significance of the canonical axes

(P B 0.001) (ter Braak & Smilauer, 1998). Since the

inclusion of a moderately to strongly intercorrelated

group of variables in the ordination may yield unreli-

able results (ter Braak & Smilauer, 1998), the variables

employed were tested first for correlation using the

Pearson correlation coefficient. Surface was highly

correlated with perimeter (r = 0.9) and therefore

excluded from the analysis. The PC index was included

in the analysis as a dummy variable. Although nine

variables were initially evaluated, only water depth,

perimeter, PCb and PCc (Table 2) were proven to be

statistically significant and therefore were included in

the final model.

Separate CCA analyses, performed for the samples

found on dried rock pools and rock pools with moist

soil, did not result in significant models and therefore

are not reported. The samples for the other two

conditions (pools full of water and patchy pools) were

too few to allow separate analysis.

Species response curves

Generalised Additive Models (GAMs) were used to

construct species response curves along a water depth

gradient for the dominant rock pool species, namely,

Chara vulgaris, Callitriche pulchra, Zannichellia

pedunculata and Tillaea vaillantii. GAMs are semi-

Table 2 Summary of rock

pools per condition
Index class Pool condition No. of pools Total area (m2) No. of species

PCa Full of water 50 61.4 4

PCb Dry 21 18.48 38

PCc Pools with moist soil 16 16.29 21

PCd Patchy 6 11.16 4
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parametric extensions of GLMs that assume no

a priori responses of a species to an environmental

gradient (Guisan et al., 2002). GAMs with a Poisson

distribution were employed using the CANOCO

software. The starting model included the predictor

smoothed with four degrees of freedom (Heikkinen

et al. 2007). The Akaike information criterion (AIC)

was used to select the best of the GAM models.

Results

Species composition

The total number of species recorded in the five sites

was 46 belonging to 21 different families. The

dominant families were Labiatae (15%), Gramineae

(11%) and Compositae (11%), followed by Planta-

ginaceae (8%) and Rubiaceae (8%). Therophytes are

by far the dominant life form (82% of total species)

followed by Chamaephytes (7%). The dominant

chorological elements were the Mediterranean

(22.4%) and the East Mediterranean (8%). Species

with particular ecological interest recorded by this

study include Matricaria aurea and Callitriche

pulchra, which are unique to the Greek flora. Most

of the species (78%) showed a low frequency (less

than 5%), i.e. they were found only on a small

number of pools. Species frequency ranged from

1.2% (Anagallis arvensis, Matricaria aurea, Plan-

tago lagopus) to 44.7% (Zannichellia pedunculata).

Vegetation classification

The results of the TWINSPAN analysis are summa-

rised in Fig. 2. Although the total number of the

groups was 8, due to the presence of the same

characteristic species between the first two groups

(1, 2) as well as the last two groups (7, 8), these were

finally amalgamated to one community type. There-

fore, six community types were identified and are

discussed herein (Table 3):

1. Zannichellia pedunculata–Chara vulgaris

community:

Differential species: Zannichellia pedunculata and

Chara vulgaris

Ecology: This community was identified in the

deepest pools full of water, with no species present

other than Zannichellia pedunculata and Chara

vulgaris.

Distribution in Greece: This community has been

reported from Crete and Gavdos (Bergmeier, 2001;

Dimitriou et al., 2006).

Fig. 2 Dendrogram of the

vegetation data derived

from TWINSPAN analysis
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2. Zannichellia pedunculata–Callitriche pulchra

community:

Differential species: Zannichellia pedunculata and

Callitriche pulchra

Ecology: This community was also found in deepest

inundated pools; however, it was marked by the

absence of Chara vulgaris.

Distribution in Greece: This community has been

reported from Crete and Gavdos (Bergmeier, 2001;

Dimitriou et al., 2006).

3. Callitriche pulchra–Tillaea vaillantii community:

Differential species: Callitriche pulchra and Tillaea

vaillantii

Ecology: This community occurs in pools with

intermediate pool depth and intermediate water level.

Distribution in Greece: Gavdos (Bergmeier, 2001).

4. Tillaea vaillantii community:

Differential species: Tillaea vaillantii and Lythrum

hyssopifolia

Ecology: This community occurs in relatively shal-

low pools with relatively low water level.

Distribution in Greece: Similar communities have

been reported from North and Central Aegean,

Gavdos (Bergmeier, 2001; Dimitriou et al., 2006).

5. Tillaea vaillantii–Polypogon maritimus community:

Differential species: Tillaea vaillantii and Polypogon

maritimus

Ecology: This community occurs in relatively shal-

low pools as well but with lower water depth than the

previous community type.

Distribution in Greece: Gavdos (Bergmeier, 2001).

6. Tillaea alata–Crepis pusilla community:

Differential species: Tillaea alata and Crepis pusilla

Ecology: This community was found on dry, shallow

rock pools and included some typical perennial

garrigue species.

Distribution in Greece: Similar community reported

from S. Crete and Gavdos (Bergmeier, 2001; Dim-

itriou et al., 2006).

Ordination

Detrended Correspondence Analysis did not detect

any outliers in the species data. The length of the first

DCA axis amounted to 4.28 SD and therefore a

unimodal response model for the data was assumed

(Jongman et al., 1987). The eigenvalues of the first

two CCA axes for the whole dataset are 0.76 and 0.33

(Table 4). Table 5 shows the canonical coefficients

of the environmental factors taken into account. Axis

1 is strongly correlated with PCb (r = 0.91), while

Axis 2 is strongly correlated with pool perimeter

(r = 0.6) and water depth (r = -0.57). These first

two axes of CCA account for c.15% of the total

variance in the sample data (Table 4). CCA axes

were statistically tested with a Monte Carlo permu-

tation test (999 permutations) and were proven to be

significant (P = 0.001).

Table 3 Summary of

community types

in Gavdos rock pools

Community type No.

of samples

No.

of species

Mean pool

depth (cm)

Zannichellia pedunculata–Chara vulgaris 20 2 38.2

Zannichellia pedunculata–Callitriche pulchra 24 5 32.8

Callitriche pulchra–Tillaea vaillantii 8 6 25.6

Tillaea vaillantii 16 7 17.2

Tillaea vaillantii–Polypogon maritimus 7 18 15.3

Tillaea alata–Crepis pusilla 10 37 14.7

Table 4 Summary statistics table for CCA ordination

presented

CCA axes 1 2 3 4

Eigenvalues 0.769 0.337 0.29 0.032

Species–environment

correlations

0.901 0.677 0.661 0.275

Cumulative percentage variance

Of species data 9.5 14.7 17.3 17.7

Of species–environment

relation

53.8 77.4 97.7 100
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Species ordination

The species with high negative scores on Axis 1

(Fig. 3) include Callitriche pulchra, Zannichellia

pedunculata and Chara vulgaris. These species are

highly positively related to water depth and rock pool

perimeter. The species found in the top of Axis 2

(Fig. 3) with high positive score include Tillaea

vaillantii, Plantago bellardi, Lagoecia cuminoides,

Nigella arvensis, Trigonella monspeliaca, Centaurium

spicatum and Psilurus incurvus. These species are

positively correlated with pool condition C of the PC

index and negatively correlated with condition B of

the PC index (Table 2). These species were found in

rock pools with relatively wet soil.

In the lower end of Axis 2, species such as

Valantia muralis, Trifolium suffocatum, Crepis cre-

tica, Plantago weldenii, Plantago lagopus and Ero-

dium cicutarium are located. These species are

positively correlated with condition B of the index

PC and negatively correlated with condition C of the

PC index and water depth. They were found in dry

rock pools.

Pools ordination

In order to compare the classification and ordination

results, the TWINSPAN community types are

superimposed onto the CCA samples ordination in

Fig. 4. The derived community types are well

separated, although there is some degree of overlap

between them. More specifically, the CCA analysis

of the rock pools showed three distinct groups

(Fig. 4). The first group (left lower side of Fig. 4)

comprises rock pools with large perimeter and high

water depth. These deep rock pools contained very

few species, were dominated by Zannichellia

pedunculata, Chara vulgaris and Callitriche pulchra

and belong to the Zannichellia pedunculata–Chara

vulgaris and the Zannichellia pedunculata–Callitri-

che pulchra community types (Table 3). The group

in the middle of the first axis of the graph comprises

rock pools with relatively small perimeter, moist

soil and few species. They belong to Callitriche

pulchra–Tillaea vaillantii and Tillaea vaillantii

community type. In the lower right of the graph,

the third group comprises dry rock pools with

relatively small perimeter and belong to the Tillaea

alata–Crepis pusilla and Tillaea vaillantii–Polypo-

gon maritimus community types. Diversity is high

(Table 3) and many species present are typical of

phryganic communities (e.g. Sarcopoterium spino-

sum, Satureja thymbra and Coridothymus capitatus).

The almost ‘linear’ grouping of the samples is a

result of high species similarity and small number of

species in samples of the same community types

(i.e. reduced variation).

Species response curves

Selected models explained much of the deviance in

species data and faired better than GLMs with a

linear form of dependence, with the exception of

Tillaea vaillantii (Table 6). The response curves of

the four species examined show differentiation of

their realised niches (Fig. 5). Tillaea vaillantii shows

a decreasing monotonic response curve along the

water gradient.

The species response curve for Zannichellia

pedunculata shows a double hump along the water

gradient. The trough on the graph between the two

peaks coincides with the peak of Chara vulgaris

(Fig. 5). The decrease of Zannichellia pedunculata

at higher depths coincides with a monotonic

increase of Chara vulgaris for this depth. This

suggests that the two species that were found in

pools full of water are in direct competition. There

is an overlap of the ecological amplitudes of

Callitriche pulchra and Zannichellia pedunculata,

although their optima differ. For Callitriche pulchra,

abundance peaks at shallow inundated pools and

decreases with increased depth. For intermediate

depths, the species amplitude coincides with that of

Zannichellia pedunculata.

Table 5 Canonical coefficients and intraset correlations of

environmental variables with the first two axes of CCA for the

dataset from Gavdos pools

Variables Canonical coefficients Intraset coefficients

Axis 1 Axis 2 Axis 1 Axis 2

Water depth -0.17 -0.57 -0.63 -0.22

PCba 0.91 0.54 0.76 -0.28

PCca 0.50 0.40 0.32 0.45

Pool perimeter 0.02 0.60 -0.13 0.32

a See Table 2 and text
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Species Abbreviation
Anagallis arvensis. Anaarv

Species Abbreviation

Bromus sp. Bromus
Bupleurum semicompositum Bupsem
Callitriche pulchra Calpul
Catapodium rigidum Catrig
Centaurium pulchellum Censpi
Chara vulgaris Chara
Coridothymus capitatus Corcap
Crepis cretica Crecre
Erodium cicutarium Erocic
Euphorbia exigua Eupexi
Filago sp. Filagp
Galium murale Galmur
Geranium sp. Gerasp
Hypochaereis achyrophorus Hypach
Juncus hybridus Junhyb
Juniperus phoenicia Junpho
Lagoecia cuminoides Lagcum
Lotus sp. Lotussp
Lythrum hyssopifolia Lythys
Matricaria aurea Mataur
Medicago sp. Medisp
Nigella sp. Nigarv
Plantago bellardi Plabel

Plantago lanceolata Plalan
Plantago weldenii. Plawel
Poa infirma Kunth. Poainf
Polycarpon tetraphyllum Poltet
Polypogon maritimus Polmar
Psilurus incurvus Psiinc
Rumex bucephalophorus Rumbuc
Sagina apetala Sagape
Sarcopoterium spinosum Sarspi

Plantago lagopus Plalag

Satureja thymbra Satthy
Sedum litoreum Sedlit
Sherardia arvensis Shearv
Taraxacum sp. Taraxac
Tillaea vaillantii Tilvai
Trifolium campestre Tricam
Trifolium stellatum Triste
Trifolium suffocatum Trisuf
Trifolium tomentosum Tritom
Trigonella monspeliaca Trimon
Valantia muralis Valmur
Zannichellia pedunculata Zanic

Fig. 3 CCA biplot for species–environmental variables. Species labels are slightly shifted to improve graph clarity. Perimete: Pool

Perimeter, WaterD: Water Depth, PCb and PCc as in Table 2
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Discussion

The rock pools of Gavdos investigated in this study

are typical of ephemeral environments (see Deil,

2005; Krieger et al., 2003), where physical and

chemical conditions fluctuate. As a result, they are

rich in annual (therophytes) and poor in perennial

species. However, there were no endemics recorded

other than Matricaria aurea and Callitriche pulchra,

which are unique for the Greek flora (Phitos et al.,

1996). Compared to temporary pools in California,

where the environmental conditions are similar,

Mediterranean pools have low degree of endemism

(Grillas et al., 2004; Deil, 2005).

These findings corroborate the previous findings

by Bergmeier (2001) who also reported five of the six

Fig. 4 CCA biplot for samples–environmental variables. Continuous environmental variables biplot values have been multiplied by

two. PCb and PCc as in Table 2

Table 6 Summary of selected General Additive Models for the dominant species

Species Selected modela Explained

deviance (%)

Comparison

with GLMs***

Zannichellia pedunculata 4** 33 0.005

Callitriche pulchra 3** 26 0.003

Chara vulgaris 3** 23 0.03

Tillaea vaillantii 1** 36 Not significant

Selection based on the AIC criterion
a Numbers in this column refer to degrees of freedom for smoothed predictor

** P B 0.001

*** Significance values of GAM versus GLM with linear form of dependence of respective species upon water depth
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communities identified herein (Table 3), in Gavdos

rock pools. We distinguish one more community type

in the deepest inundated pools Zannichellia peduncu-

lata–Chara vulgaris. Although we did not record

Tillaea alata or Crepis pusilla, we named one of the

communities identified Tillaea alata–Crepis pusilla

due to its floristic similarity (e.g. the presence of

Filago cretensis and Sedum littoreum) and habitat

similarity (shallow pools with low water level) with

the one identified by Bergmeier (2001). Despite

the minor differences, both studies (ours and Berg-

meier’s) agree on the importance of water level and

pool depth in determining community composition in

Gavdos’ rock pools.

The community types derived from TWINSPAN

were corroborated by CCA. The CCA analysis for the

whole dataset suggested that the two main composi-

tional gradients represent water storage (Axis 1) and

water retention ability (Axis 2), as expressed by pool

perimeter and water depth. Water storage is directly

responsible for spatial and temporal variations of

vegetation in these environments (Grillas et al., 2004;

Müller & Deil, 2005; Delipetrou, 2007). Inundated

rock pools, were dominated by Zannichellia peduncu-

lata, Chara vulgaris and Callitriche pulchra with few

other species present. Water is a prime determinant of

plant community structure affecting colonisation,

germination and growth. In pools where there was

visibly moist soil (PCc), or patchy (PCd), Tillea

vaillantii dominates. The margins (perimeter length)

of the pools heat up and dry up faster than the centre,

and are the first to be colonised. Perimeter is also

related to surface and therefore indirectly to water

storage and retention. In general, the larger the surface

of a pool, the more water is stored and the faster

evaporation takes place. This is also dependent on pool

depth. Therefore, in pools that are very deep and

narrow, as many of those seen in Gavdos, water simply

evaporates along a vertical gradient. Seasonality and

the presence of water is linked to distinct ecophases,

which result in many kinds of succession that may not

be progressive, particularly when habitats are of

primary nature and when there are continuous hydro-

logical or geomorphological processes in place (Deil,

2005). In the case of the pools recorded along a steep

stream in the site of Kastri (Fig. 1), the slope gradient

facilitates water runoff during the rainy season at a

faster rate than the pace at which successional

processes take place. In addition, in the island’s karstic

environment, stochastic events are also related to

geomorphologic processes, such as limestone weath-

ering. The nature of rock pool vegetation as a non-

equilibrium system has been proposed by work on

Ivorian inselbergs (Krieger et al., 2003).

Various studies have demonstrated species

response curves other than Gaussian/unimodal, such

as asymmetric and bimodal (Austin & Gaywood,

1994; Bio et al., 1998). Compared to GLMs, GAMs

are more flexible permitting both linear and complex

additive response shapes to be modelled. Coudun &

Gegout (2006) suggested that a minimum value of 50

occurrences is necessary to derive acceptable ecolog-

ical responses curves. Nevertheless, examples where

less than 50 samples have been used have been

reported (e.g. Horsak, 2006). In this case, the occur-

rences of the species used for modelling ranged from

20 to 47 and the derived GAM models perform well

for most of the species, apart from Tillaea vaillantii

(Table 6). In addition, the response curves along the

water depth gradient are ecologically interpretable

and revealed relationships between species as

observed on the ground and also reported by Berg-

meier (2001). These include similarities in ecological

amplitudes in relation to water depth between Zanni-

chellia pedunculata and Callitriche pulchra but also

in higher depths direct competition between Zanni-

chellia pedunculata and Chara vulgaris.

In rock pool environments, interannual variability

of the floristic composition and abundance is high as

Fig. 5 Species response curves along water depth gradient for

the four dominant species in rock pools of Gavdos. Calpul:

Callitriche pulchra, Chara: Chara vulgaris, Zanic: Zannichel-
lia pedunculata, Tilvai: Tillaea vaillantii
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a result of small-scale fluctuations and high turnover

rate following rainfall events (Deil, 2005; Delipetrou,

2007). Therefore, and although this study was based

on one sampling season, it is part of an ongoing

monitoring programme, which will enable insight to

be gained into large-scale patterns and temporal

variability that will assist with conservation activities

in the area. Monitoring in ephemeral pools is very

important, due to their small extent and the potential

threats they face. At a European level, there is a need

to strengthen, develop and coordinate existing initia-

tives, to establish a sound scientific and practical

basis for pond conservation (Zacharias et al., 2007;

Céréghino, 2008). Rather than single pond protection,

Grillas et al. (2004) advocate the protection of

several pools with a range of environmental condi-

tions. Gavdos is one such example, where the

protection of the island’s pond sites may result in

maximum benefits for biodiversity conservation.
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